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I n t r o d u c t i o n
As GaAs M o n o l i t h i c M i c r o w a v e I n t e g r a t e d C i r c u i t s ("ICs) become more p r e v a l e n t , t h e y a r e i n c r e a s i n g l y b e i n g u s e d i n r e a l a p p l i c a t i o n s a s k e y e l e m e n t s f o r amp1 i tude and phase control i n phased array antennas.
As experience grows with the c o n s t r u c t i o n o f t h e s e a r r a y s , i t i s a p p a r e n t t h a t t h e p r e s e n t methods o f RF s i g n a l d i s t r i b u t i o n have serious complications w h i c h g r e a t l y i m p a c t t h e a r r a y c o n s t r u c t i o n . O f primary concern i s t h e w e i g h t o f the Beam Forming Network (BFN) u s i n g conventional coaxial cable or waveguide. Also impacting design i s t h e loss, c r o s s -t a l k and mechanical i n f l e x i b i l i t y o f c u r r e n t d i s t r i b u t i o n m e d i a i n c l u d i n g m i c r o s t r i p . A p o t e n t i a l s o l u t i o n to t h e s e l i m i t a t i o n s i s t h e u s e of o p t i c a l f i b e r as t h e RF d i s t r i b u t i o n medium i n
t h e BFN.
(1) I n a d d i t i o n t o t h e s i g n i f i c a n t a d v a n t a g e s o v e r o t h e r RF d i s t r i b u t i o n m e d i a , o p t i c a l f i b e r o f f e r s c e r t a i n EMI, EMP, a n d r a d i a t i o n h a r d e n i n g c h a r a c t e r i s t i c s .
T h i s p a p e r w i l l o u t l i n e and describe NASA-Lewis R e s e a r c h C e n t e r ' s e f f o r t s i n t h e d e v e l o p m e n t o f o p t i c a l RF d i s t r i b u t i o n l i n k s f o r MMIC phased array antennas.
O p t i c a l RF D i s t r i b u t i o n A r c h i t e c t u r e s
T h r e e c a n d i d a t e a r c h i t e c t u r e s a r e b e i n g i n v e s t i g a t e d f o r performdnce and eventual use i n o p e r a t i o n a l "IC-based phased arrays.
The t h r e e a r c h i t e c t u r e s d i f f e r i n t h e m o d u l a t i o n o f RF and communications data.
One a r c h i t e c t u r e u s e s a d i r e c t modulation technique, a s e c o n d a r c h i t e c t u r e u s e s a n i n d i r e c t ( e x t e r n a l ) m o d u l a t i o n t e c h n i q u e , a n d t h e t h i r d a r c h i t e c t u r e u s e s an i n j e c t i o n l o c k i n g t e c h n i q u e w i t h m i x i n g . Each a r c h i t e c t u r e w i l l b e i n v e s t i g a t e d e x p e r i m e n t a l l y i n a d i s t r i b u t i o n i n v o l v i n g a t l e a s t two elements. Prior t o t e s t i n g , t h e power budget w i l l b e c a l c u l a t e d u s i n g a computer simulation model developed a t D r e x e l U n i v e r s i t y and compared against real data.C2) Figure  1 As i n a l l t h r e e models, the e x t e r n a l l y m o d u l a t e d l i n k w i l l use GaAs l a s e r d i o d e s as sources, l a s i n g a t a p p r o x i m a t e l y 0.8 micron wavelengths. The modulator i t s e l f w i l l be o f the LiNb03 variety which has been previously demonstrated a t 17GHz, b u t m o d u l a t i o n f r e q u e n c i e s may be increased by various improvements.
F i g u r e 3 i l l u s t r a t e s a two-element RF d i s t r i b u t i o n l i n k u s i n g an i n ' e c t i o n l o c k i n g t e c h n i q u e d e m o n s t r a t e d b y D r e x e l U n i v e r s i t y . (d While more complex than the previous a r c h i t e c t u r e s , t h i s t e c h n i q u e s h o u l d o f f e r a h i g h f r e q u e n c y , narrow bandwidth 1 i n k w i t h l o w e r n o i s e and greater dynamic range. This technique takes advantage o f t h e i n h e r e n t n o n -l i n e a r i t y o f t h e l a s e r d i o d e t o u t i l i z e h a r m o n i c i n j e c t i o n l o c k i n g of f r e e -r u n n i n g e l e m e n t o s c i l l a t o r s from a s i n g l e m a s t e r o s c i l l a t o r t o establish temporal coherence.
The d a t a t o be t r a n s m i t t e d i s r o u t e d t h r o u g h a second low speed (1GHz) l i n k . A t t h e e l e m e n t , t h e RF and data are mixed t o produce the desired o u t p u t .
A l l c a n d i d a t e a r c h i t e c t u r e s w i l l be analyzed for power budgets, S/N, b i t -e r r o r -r a t e (BER) a n d e f f i c i e n c y . The e x p e r i m e n t a l s e t -u p f o r BER t e s t i n g i s s i m i l a r t o t h a t 
u r t h e r e x t e n d e d b y v a r i o u s improvements. The t h r e s h o l d f o r o p t i c a l power damage and t h e e f f i c i e n c y for i n t e g r a t e d o p t i c a l m o d u l a t o r s i s low. I f such modulators are designed on GaAs, t h e y o f f e r t h e p o s s i b i l i t y o f m o n o l i t h i c i n t e g r a t i o n .
The i n s e r t i o n l o s s p a r a m e t e r s f o r t h e RF l i n k have been obtained by Stephens, et a1 . (9) and are given below:
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I n s e r t i o n L o s s = Em Rs/RL(nL RD~(,)-~ where RL and Rs are the load and source impedances, nL i s t h e l a s e r e f f i c i e n c y , RD i s t h e d e t e c t o r r e s p o n s i v i t y ,
OC i s t h e o p t i c a l l o s s , a n d Em i s t h e m a t c h i n g c i r c u i t l o s s . I t has been c a l c u l a t e d , t h a t b y u s i n g o p t i m i z e d v a l u e s o f the parameters i n Equation 1 , t h e i n t r i -n s i c i n s e r t i o n l o s s o f t h e e l e c t r i c a l o p t i c a l c o n v e r s i o n c o u l d be reduced t o a minimum o f 10dB.
The overall SIN for a single optical fiber link depends on the photodetector shot and thermal noise together with the thermal noise associated with the amplifier following the photodetector, as well as the laser intensity noise. For signal transmission at GHz frequencies, laser noise is generally dominant. Photodetectors with a wide bandwidth are essential. An InGaAs/InP photodetector has been grown on a GaAs substrate for detecting wide bandwidth RF signals from 1.3 micron InGaAsP lasers. (lO) If such optical RF fiber links are viable, lasers and photodetectors can be monolithically integrated to reduce weight, power, cost and circuit parasitics. For a MMIC-based phased array signal distribution network, a number of Optical Integrated Circuits (OICs) will be required. For example, for the input RF signal a high frequency external modulator on GaAs with high efficiency and high optical damage threshold is needed as well as wide-band photodetectors. Figure 4 shows an RF signal OIC integrated with a 20GHz MMIC Variable Phase Shifter. Additionally, a high power integrated laser capable of being directly or indirectly modulated at high frequencies with an integrated driver will be required.
Conclusion
Three candidate architectures have been shown for optical RF distribution in microwave phased arrays. Each architecture is characterized by the modulation technique used. The overall array design is driven by both the architecture and the devices. However, once the architecture i s chosen, the design is driven by the capability of the devices to meet the architecture requirements. The evaluation of these three candidate architectures with simulated communications information will determine which design should be optimized for an operational phased array antenna system and also wi 1 1 identify critical device technologies. 
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